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度和氧含量。PCS 和 PCS-5P 热解后得到的 SiC 纤维拉伸强度分别为 2.40GPa，






化交联制得的 SiC 纤维表面也是富氧，但并没有出现明显的分层；得到的 SiC 纤
















交联过程中，两种工艺都是通过 Si-H、Si-CH3 与 O2 发生自由基反应生成
Si-OH 和带 C=O 结构的化合物。惰性气氛下退火可以分成两个阶段，温度低于
400℃，主要是 Si-OH 发生脱水缩合，形成 Si-O-Si 的交联结构，同时含 C=O 结
构的化合物也会分解，生成含碳小分子和其它交联结构；温度高于 400℃，则主
要是 Si-H 与 Si-CH3 发生自由基聚合，形成 Si-CH2-Si 等交联结构。 
 





















Silicon carbide (SiC) fibers which have high tensile strength, high elastic 
modulus, and good thermal stability are one of the candidate materials for the 
reinforcement fibers of ceramic matrix composites. In recent years, preparation of 
ceramic fibers by the pyrolysis of an organic polymer has attracted considerable 
attention and has become a steadily growing field. The method includes the synthesis 
of polycarbosilane (PCS) precursor, melt spinning, curing and pyrolysis at high 
temperature. Pure PCS is difficult to spin, but it can be obviously improved by 
blending with little polypropylene. This dissertation synchronously studied the 
crosslinking of PCS and PCS-5P, a blend that contains 5wt% polypropylene (PP). 
The paper used two different curing processes, one is electron beam irradiation 
curing under low oxygen partial pressure, the other is thermal oxidation curing in air. 
Then, cured PCS fibers were annealed at different temperature under inert atmosphere, 
and pyrolyzed at 1250℃ to give SiC fibers. Both two technologies took the variation 
of oxygen as main spindle. Physical, chemical and structural changes during curing 
were detected by IR, NMR, TG-DTA and so on. Properties of SiC fibers were 
characterized by XRD, SEM and EPMA. Following are the main conclusions 
indicated by this study: 
The infusibilization of PCS and PCS-5P fibers were achieved using electron 
beam irradiation under low oxygen atmosphere, but irradiation dose must not be less 
than 2.0GMy. Cured fibers can be further crosslinked after annealing at 200～500℃ 
under inert atmosphere. Crosslinking degree and oxygen content can be controlled by 
regulating processing parameters such as oxygen partial pressure, irradiation dose, 
annealing temperature, and so on. The average tensile strength of SiC prepared from 
PCS and PCS-5P is 2.40 and 1.81GPa, respectively. The average tensile modulus is 
170.1GPa and 168.7GPa, respectively. SEM and EPMA results show that SiC fibers 
prolyzed at 1250ºC have a shell-core structure. The shell is oxygen-rich and the core 
is oxygen-deficient. Oxygen presents a gradient distribution inside the fiber. 















that curing temperature must be above 170℃. Because the fibers will merge during 
thermal-oxidation curing process, PCS-5P fibers can not use this method. Compared 
with irradiation oxidation curing, SiC fiber prepared using thermal-oxidation curing 
do not have obvious shell-core structure, although their surface are still oxygen rich. 
Besides, the tensile strength is 2.27GPa and tensile modulus is 145.15GPa, a little 
lower than fibers prepared with electron beam irradiation, but high-temperature 
resistance is better than it. 
When irradiated or heated under oxygen atmosphere, Si-H bonds in the 
molecular structure of PCS will react with oxygen to give Si-OH group, and Si-CH3 
to give compounds which contain C=O group. During annealing, Si-OH undergo 
dehydration condensation reactions and compounds that contain C=O group  
decompose to give small molecular when the temperature is blow 400℃, but above 
400℃, Si-H and Si-CH3 will decompose and polymerize to produce Si-CH2-Si 
linkage, and so on. 
 










































1.1 先驱体法制备连续 SiC 纤维概述 
目前，制备连续 SiC 纤维主要有两种方法：(1) 化学气相沉积法(CVD)；(2) 
先驱体转化法。CVD 法制备无机纤维起源于 20 世纪 50 年代，。它主要是通过甲
基硅烷类化合物(如三氯甲基硅烷)的热分解，在氢气流下在细钨(W)丝上沉积硅
烷化合物，再经过在真空或惰性气氛中的热处理后而制得[13, 14]。CVD 法制备的





























500 根一束的连续 PCS 纤维，再经过空气中
200℃氧化或电子束辐照交联得到不熔化
PCS 纤维，然后在 1373～1423K 惰性气氛
中烧结得到连续 SiC 纤维[23]。其工艺流程如       图 1.1 SiC 纤维制备工艺图 
图 1.1 所示。 
先驱体法制备 SiC 纤维可大致分为四大工序：PCS 先驱体的合成(Synthesis)、
PCS 纤维的熔融纺丝(Melt spinning)、PCS 纤维不熔化处理(Curing) 、不熔化纤
维的高温烧成(Pyrolysis)。四大工序相辅相成，相互影响，是一个复杂的系统工
程。其关键技术简介如下。 
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